The theory of stimulated Thomson scattering is investigated both quantum mechanically and classically. In the interaction of a collisionless plasma with two electromagnetic waves, both with frequencies well above the plasma frequency, energy is transferred from the high-frequency wave to the low-frequency wave via stimulated Thomson scattering. This process is mediated by the nonlinear interaction of the plasma electrons with a beat wave at the difference frequency between the two waves; this beat frequency must be well above the plasma frequency. The gain coefficient for stimulated Thomson scattering is calculated both quantum mechanically and classically, and identical results are obtained. The classical calculation also yields the first nonlinear term in the index of refraction due to stimulated Thomson scattering, as well as the details of the saturation of the gain and the index of refraction. The authors present explicit formulas for the gain coefficient and the index of refraction, in the unsaturated limit, for both very cold and very hot plasmas.
The classical calculation is very fruitful, yielding not only the gain but also the first nonlinear correction to the index of refraction. Furthermore, these quantities are calculated in both the saturated and unsaturated limits. Explicit expressions for the unsaturated gain are given in two limits; (i} the homogeneously broadened limit, where the electron gas is very cold, so that the spectral width of the radiation from spontaneous Thomson scattering is determined by interruption of the phase of the high frequency pump wave, and (ii} the inhomogeneously broadened limit, where the electron gas is very'hot, so that 
where the absorption coefficient for the pump wave no, and the gain coefficient for the probe wave n, are both expected to be extremely small compared to either k, or k. %e take the plasma to be optically thin so that a, l and o. l are both much less than one; l is the length of the plasma in the z direction. Note that n&0 corresponds to gain for a wave propagating in the negative z direction.
To determine a, we substitute Eq. (12) 
where -E = E-e 'I'cos(kz+~t -)t))x and e 'I'= 1. 
In a similar manner we obtain an expression for the nonlinear index of refraction n (13)
-(e/c) [(E,c/(o, ) 
In obtaining this expression we have assumed that w» 2v/&o or 2v/&u"e"' '= 1, and ck/)d= 1, and we have used Eq. (11) for J. In addition we have ignored surface contributions to the integral, and we have taken the plasma to be homogeneous in the x direction, so that x. V(s)t)/st) = 0. Equation (13) (18) and (20), and setting ck,/&uo = 1 and ck/&u = 1 yields (19) (20) mv, = (ep-"/mc)[E, cos(k,z -u&, t) +E cos(kz +~t -P)]
-(e'/mc)[(EQ/2Iu, ) sin (2k,z -2&v, t) + (E'/2&v) sin(2kz +2u&t -2 p)
The first four terms on the right-hand side of Eq. (21) 
so that Eq. (24) becomes the simple pendulum equa-
In the z coordinate system, Eq. (22) becomes
Equation (24) The integrals on the right-hand side of Eqs. (13) and (16) 
Using this distribution function, Eq. (39) becomes x/(v"}.
We now change variables from z, zp, and v,p to When Qy is no longer small, the gain saturates. 
In the inhomogeneous limit, the distribution function is nearly constant, in 0, over the center of the integral of the homogeneous dispersion curve.
Since this curve is odd, the center of the integral of the homogeneous dispersion curve makes only a small contribution to the index of refraction.
There is, however, a significant contribution from 
The quantity 6(Q7) is shown in Fig. 5 .
The index, of refraction can also be expressed, in the inhomogeneously broadened limit, as a convolution of the homogeneous expression with the distribution function. Using Eqs. (4V) and (48) we obtain~( 
